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FOREWORD

The structural analysis of the FS-2 model was

performed under the NASA Apollo Contract

NASg-150, Exhibit I, paragraph 5.1.

This report was prepared by the Aero-Thermo

Model Structures Group, Los Angeles Division of

North American Aviation, Inc. , under the direction

of C.B. McClain.
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ABSTRACT

This report covers the structural integrity of the Apollo FS-2 Force

Model to be run in the Ames Unitary Plan Wind Tunnel and also in the North

American Trisonic Wind Tunnel.

Loads for the calculations shown are based on the Ames Tunnel condi-

tions, starting or steady state, whichever gives the most critical load for the

component in question. A summary sheet of Trisonic Tunnel margins of
safety is included in the report also.

All components show positive margins of safety based on a safety factor

of five on material ultimate; except the short (-4) tower. The tower base

legs have a safety factor of 3.6Z on the ultimate strength of the material with

full primary and secondary stresses combined.

The balance will be overloaded in starting at a = O* unless the normal

elements are used to resist side loading (roll 90"). When a = 90" rolling

moment will be the only overload consideration, again in starting.

All components not analyzed in this report were considered not
critical.

- iv -
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I. INTRODUCTION

This report presents a structural analysis of the 0. 105-scale Apollo

wind tunnel model (FS-2). Numerous configurations of the model are to be

tested in the Ames Unitary Plan 8- by 7-, 9- by 7-, and 11- by ll-foot

wind tunnels. The ability of the most critical of these configurations to

withstand the loadings encounteredduringtest is analyzed herein. The load-

ings used are based on steady-state conditions in the Ames 11- by ll-foot

Unitary Plan Wind Tunnel. A summary table of margins of safety is also

provided in this report to cover the load conditions these models will be

subjected to in the North American Aviation, Inc., Trisonic Wind Tunnel

Facility.

Test conditions are covered in this report, and starting and steady-state

loading are investigated with the result that steady-state loading is critical

for the model components when at a 90-degree angle of attack. The tunnel

starting condition will be critical for the sting when at a 0-degree angle of

attack. Starting will also be critical for the balance when at 0 and 90

degrees angle of attack.

All components to be tested in the Ames Facilities have positive

margins of safety on a safety factor of 5 on material ultimate. The balance
elements will be loaded above rated value unless balance installations are

studied carefully.

These models are also to be tested in North American Aviation's

Trisonic Wind Tunnel. The basic tower (170 inch) will have a negative

margin of safety for that test unless starting angles of attack are kept below

20 degree s.

Components not analyzed in this report are concluded to be not critical.

-I-

SID 6 2-104



NORTH AMERICAN AVIATION. !NC, _.._// I_LCse_iNIPORMA, riON0_'II_ISDiVlS|ON

I. ]I_IX_I011

This report presents a strueturL1 analogs of the .105 aoale
apollo Wind q_nnel Nodel (F8-2). Wunsrous eoaflgarst_ons of the model
are to be tested tn the Ames Unitary P_ 8 x 7_ 9 x _ _ 1_ x 33 foot
Wind Tunnels. The ability of the most eritio_ of tJmso eco_garstions
to vtthstand the loadtnp encountered durin_ test Is _ horeLn.
The loadinKs used are boAmd on s_dy s_ oca_ttions in tho Ames
11 x 11 foot Unitary Plan _nd _1.

A susmsry table of msrKtns of safe_ As also pr_ld_ herein to
cover the load eonditions these models viii be subJee_ to In _J_
North _erie_n Aviatio_, lne., Triso_ie _ _aol Millay.
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_ts report Is • et_ot_rs_ sau_sts of t_ _s_ or¢t¢os_ ot
T,.ioum oouttpratlous of "din ..10_ ks.l., ApoLl.o _ _el _roe

_st oonCLtloas emr_ ore t_r the Ass 0att_7 PlJa 8 x 7,
9 x 7_ sd 11 x 1Z foot Wind _umeb, llta_lq s_ stAM_ st_t_
loading are tr_'ostl_¢o_ _t_ ¢hs ros_lZt tJmt StA4d_ s_t,e loedln41
Is erlttcs_ 1*or t.M Idol eospo_nts when _t s_ u_o of _k of
nlne_y degrees. 2he _usae_L et_tCiu_ oce_tloa v4.]..1,be ertttos_ ¢or
the etln8 vhen tt zero deKree It4_e of &tt4MIk, II_q vl_L_ II_oo
be critical for t_e beJ_nce _en st sero_ and s_so dne_ b_r_s_
_e ot' sttaek.

All oomponente to be tesl_d in ¢he Amos ]PMtlltles hsve positive
marpns of s&fet_ on a ssfet_ f_ctor of f_e o_ ssteri_l ult_te,
The balance elements wll_ be loaded &bo_e rated _ue unless ba_nee

tns_ations are e_adted c_re_.

These models are also to be tested In Iorth Amerlmm &ti&tton's
Trieoni¢ Wind Tmmel st s :Later d_te. The bsslo rover (l_O-tneh) vi:Ll
h&ve • neKstlve asrKin of ssl"et¥ for that test unless etL-_:tnl sa41es
of attack s:'e kept belov t_ent¥ de_reoe,

Co_onen. not ans_sed in th_s r_ort m concluded to be not
crtt£cal,
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II. DISCUSSION

LAUNCH ESCAPE ROCKET MOTOR ASSEMBLY

Two escape rocket motor configurations are to be tested. One is a

basic motor of cylindrical shape with a conical nose cone and a flared skirt

aft; the other one is a motor with the same conical nose cone as the basic

motor and a taper-sided shape (page A-3 of Appendix A). The taper is from

the nose cone to the same diameter at the base (aft) as the basic motor flare

skirt.

The alternate rocket motor shape is used for calculating loads on the

rocket-tower-command module configurations checked in Appendix A. For

critical section checks on the rocket motors, the basic motor is critical at

the intersection of the cylindrical side and the skirt flare (page A-3).

Bending and compressive stresses due to normal and drag loading

on the rocket are in the order of 3225 psi. When compared with a safety

factor of 5 on a material ultimate of 77,000 psi, this gives a positive margin

of safety of 3.76.

JETTISON ROCKET ASSEMBLY

As is the case with all the Apollo launch escape corffigurations, the

jettison rocket motor is not highly loaded. It is somewhat protected by the

tower structure when running at high angles of attack and is completely

blocked by the rocket motor when at low angles of attack; therefore, no

structural problem exists in the structure or attachment.

LAUNCH ESCAPE TOWER STRUCTURES

Four tower structure s are de signed for te st and two are analyze d in this

report. The long (240 inch) and the one equivalent to the 170-inch full-scale

tower. The two short towers (120 and 80 inch) are adequate by comparison.

Leg sizes of the 240-inch and the 170-inch towers differ. The longer

tower has 3/8-inch-diameter legs, and the 170-inch tower is made with

5/16-inch-diameter legs. The web members on both towers are all I/4-
inch rods.

-3-
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[II DISCUSSION

Launch l:seape Rocket _tor Ass_bl 7

q_o configurstlons of escape rocket motors are to be test4d.

One is a basic motor of cylindrical shape _hs conleal nose eerie,
and s flare4 skirt a_t. The other one is a i_tor vlth the same con-

ical nose cone as the basic motor and a taper sided shape, (A-3).

The taper is from the nose cone to the s_ dlaaeter at the be_e

(ai_t) as the basic motor flare skirt.

The alternate ronket motor shape is used for calculating

loads on the roeket-tower-comsnd module contlgm-ations checked

in Appendix A. For critical section checks on the rocket motors,
the basic motor is critical at the intersection of the cyltndrtee_

side mid the skirt trl_re, (A-3).

Bending and compressive stresses, due to norIBl and drag

loading on the rocket are in the order of 3,_5 psi. When c_

pared with a safety factor of five on a natertalu_t/Jmte of
77p000 psi, thl8 gives a positive mrgln of ufety of 3.76.

Jettison Rocket Asseabl_

As is the cue with all the Apollo launch escape confi_tions,

the Jettison rocket motor is not highl_ loaded. Xt ts scmvhst pro-

tested by the tower structAtre when rtmning at high e_e of attack

and completely blocked by the rocket motor when &t low _es of

att2_k; therefore, no structural prob_ exists in the structure
or attachment.

_nch ,Escape T_Ner Structures

Four tover structures are designed for test. Two of the four

are analyzed in this report. The long (2_O-Ineh) and the one e_ui-

valent to the i70-ineh flzll scale tower. The rye short towers (120-

Inch and _)-lnch) are adequate by co_arlson.

Eeg sizes of the 2kO-inchand the 170-1nch towers differ. The

lon_er tower hss three-eights Inch diameter legs, and the 170-1neh

to_er is made with _ive-slxteenth Inch diameter legs. The web

members on both rovers are all one-quarter Inch rods.

Construction and asse_b17 of all members is by we!dtn_at +._he

Joints of the veb mmbers to the legs (A=_,12). All bays above the
base bay are tapered panel type vith one dis4_ in each of four

sides.

-3.1-
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lit DISCUSSION (Cont)

The base bay is a bent _rsme with a double bemn top and two sln_e
rod knee braces In each of its four sides. Critical stresses occur

at the Junction of the kneebrace _o the leg, and at the base of _he
legs where they Join to the stiff rod attachment ends.

Combined compression, due to the over turning moment andside
sway bendingj induce stresses of 311650 psi in the long tower and

701000 psi in the 170-Inch tower. The shorter tower is therefore
_st critical.

For steady state loading condition at ninety degrees an@le of

attack, the margin of safety for the above stress, when cou_ed with

a safety factor of 5 on utcrial ultlute, is a ne_tive twenty-

eight percent. A true safety factor for the stresses shown ls 3.62,

(A-15). The long tower has a positive margin of safety of fifty-

three percent for the ninety degree stead_ state loads, (A-9); which

are the highest encountered at the Ames Facilities.

Co.and Module

Tower reactions are transferred to the cc_nd module _ a

pair of tower mounting blocks. T_ blocks attach directly to the
balance block into which the balance cavities are bored. The exter_

structure of the co_nd n_dule is of shell type end resists air loads.

only on itself. These loads are transmitted directly to the beAanee
block.

Of sisnificance etress wise, are the tower leg socket attachment
and tower mounting block attachment to the balance block (A=17,21)

and (Reference 9).

All margins of safety are one-hundred percent or more on a

safety factor of five on material ultlaate.

The sting is made in the form of a tapered, round b_r, and is

machined from a 17-4 PH corrosive resistant steel forging.

When the model is st zero angle of attack loads oe the sting are

a maxi -,m during starting conditions. The critical section occurs at
the sting to tunnel adapter socket I (A-25128). Side and noreel loads
combine to cause a stress of 37,k00 psi in bending. Shear stresses
are in the order of 200 psi and ean be neglected.

The Margin of Safety for a section at the thick part of the aft

socket taper is fifty percent positive.

- 3.2-
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D

All members are constructed and assembled by welding at the joints

of the web members to the legs (pages A-4 and A-12). All bays above the

base bay are tapered panel type with one diagonal in each of four sides.

The base bay is a bent frame with a double beam top and two single
rod knee braces in each of its four sides. Critical stresses occur at the

junction of the kneebrace to the leg and at the base of the legs where they

join to the stiff rod attachment ends.

Combined compression due to the over turning moment and side-sway

bending induces stresses of 31, 650 psi in the long tower and 70, 000 psi in

the 170-inch tower. The shorter tower is, therefore, most critical. For

steady-state loading condition at 90 degrees angle of attack, the margin of

safety for these stresses, when compared with a safety factor of 5 on mate-

rial ultimate, is a negative Z8 percent. Atrue safety factor for the stresses

shown is 3.62 (page A-15). The long tower has a positive margin of safety

of 53 percent for the 90-degree steady-state loads (page A-9), which are

the highest encountered at the Ames Facilities.

COMMAND MODULE

Tower reactions are transferred to the command module through a

pair of tower mounting blocks attached directly to the balance block into
which the balance cavities are bored. The external structure of the com-

mand module is of shell type and resists air loads only on itself. These

loads are transmitted directly to the balance block.

The tower leg socket attachment and tower mounting block attach-

ment to the balance block (pages A-17 and A-21)are significant in

considering stress {Reference 4).

All margins of safety are 100 percent or more on a safety factor of
5 on material ultimate.

STING

The sting is in the form of a tapered, round bar and is machined

from a 17-4 PH corrosive resistant steel forging.

When the model is at 0 degrees angle of attack, loads on the sting

are a maximum during starting conditions. The critical section occurs at

the sting to tunnel adapter socket {pages A-Z5 and A-ZS}. Side and normal

loads combine to cause a stress of 37, 400 psi in bending. Shear stresses

are in order of ZOO psi and can be neglected.

-4-
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IV

l_e Component

A.3 -1 Rocket

A.9 -6 Tover Leg

A.IO -6 Tower Diameter

A.11 -6 Tover Welds

A.15 -_ Tover Leg

A.IB -3 Socket Weld

A.19 -3 Socket Rod

A.19 -3 Socket Screw

A.20 -3 Socket Rod

A. 20 -3 Socket Rod

A.22 -5 Block Screws

A.23 -5 Block Pins

A. 30 Ales Sting

A. 31 Ames Balance

A. 32 Ames Balance

C_t

-I Pocket

-6 Tower Legs

-6 Tower Welds

-6 Tower Dis_onals

-it Tower Legs

MARGIN OF _ TABL3

(__)

Ylpe of, Sire s,S M.S.__t.

kndl._ 3.76

c_. and _ •53

Tension 1.17

Shnr _._

co=p. sad k,,d.t,q; -.28

She_r i.lO

_n6 1.97

Tension 3.lk

Tenslom Hi_

_sr Ht_

Tension 1.29

Shesr 2.6_

m._ .50

Side Loa_ .._H,

Roll -•J_8_HJ

TWT TEST M.S. * True S.F.

.79

-._ 0.. r_)

.78

-.z8 (2.z_)

(X - 20ostart

-3 Socket

* B_sed on Safety Factor of 3 on b_t.

-_.I-
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1_ M_ o_ 83J_'Y Y.AW/
(_,_ gw) ewe.

lbn_oO

o[ .Oo, 2_/ Star% 2SaX 2-1/_" lls2.
-6 _r/Alt. noekst

o_ .0 o, 2vT 8tsrt, 2_sk 2-3/k" kl.
-4 _r/]leale ]l_hst & Jettts_ Motor st IoN

6387
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The margin of safety for a section at the thick part of the aft socket

taper is 50 percent positive.

MARGINS OF SAFETY

The margins of safety for the Arn_s tests are presented in Table I.

Table I. Ames Test Margins of Safety

Componenz

-1 Rocket

-6 Tower leg

-6 Tower diameter

-6 Tower welds

-4 Tower leg

-3 Socket weld

-3 Socket rod

-3 Socket screw

-3 Socket rod

-3 Socket rod

-5 Block screws

-5 Block pins

Ames sting

Ames balance

Ames balance

Type of Stress

Bending

Compre ssion and bending

Tension

Shear

Cornpression and bending

Shear

Bending

Tension

Tension

Shear

Tension

Shear

Bending

Side load

Roll

Margin of Safety

3.76

0.53

1.17

4.4

-0.28

I.I0

1.97

3.14

High

High

I. 29

2.64

0.50

-0.34_

-0.48*

Appendix

Page No.

A-3

A-9

A-10

A-II

A-15

A-18

A-19

A-19

A-20

A-20

A-22

A-23

A-30

A-31

A-32
I

*For any angle of attack and is a function of model angle to sting angle only

(20 degrees used here).

-5-
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The Transonic Wind Tunnel margins of safety based on a sate_y tactor

of 3 on the ultimate are presented in Table 2.

Table 2. TWT Test Margins of Safety

Component M.S. True Safety Factor

- 1 Rocket

-6 Tower legs
-6 Tower welds

-6 Tower diagonals

-4 Tower legs

a= 50 deg Start

a= 20 deg Start
-3 Socket

0.79

-0.48

0.78

-0.28

-0.77

-0.47

1.56

2.15

0.714

I. 58

ESTIMATED TWT LOADS

The estimated loads on the -6 tower and alternate rocket configuration

at 0 degrees angle of attack for TWT start using the Task 2-3/4-inch balance
are as follows:

Element

Forward normal

Forward side

Chord

Rated Load

3750

1875

4200

Test Load

3888

4304

6398

The estimated loads on the -4 tower with the basic rocket and jettison

motor at the nose at 0 degrees angle of attack for TWT start using the

Task 2-3/4-inch balance are as follows:

Element

Forward normal

Forward side

Chord

Rated Load
Test Load

Not critical [
1877 3454

4200 6398

-6-
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The estimated loads on the-4 tower with the basic rocket with the

jettison rocket at the nose at 20 degrees angle of attack for TWT start are
as follows:

Element

*Rolling moment
*Forward side force

Forward normal

Chord

Rated Load

8000

1875

3750

42O

Test Load

5339

3406

4737

6387

*For any angle of attack and is a function of model

angle to sting angle only.

-7-
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REMARKS

This appendix presents a structural analysis of the components of the

FS-2 Apollo force model that have been modified or added for a dual balance

test. Testing will be conducted in the Ames Unitary Plan Wind Tunnel
facilities.

Two load conditions are studied: starting loads at 40 degrees angle of

attack and ru_ning loads at 50 degrees angle of attack. All components are

analyzed for the load condition that is most critical in each case. All

components have positive margins of safety for a safety factor of 5 on
material ultimate.

All drawings are NAA/S&ID drawn in July 1962 and are given in the

following listing.

7121-01077

7121-01078

71Z1-01079

71Z1-01081

71Z1-01086

71Zl-O1087

71Z1-01089

Assembly and Details--Command Module
Details--Balance Blocks and Miscellaneous

Assembly and Details--Launch Escape Tower

Sting--Ames Wind Tunnel

Model Installation--Ames Unitary Tunnel

Assembly and Details Indexed Sting Joint

Assembly and Details Rocket Motors

Margins of safety for the components are as follows:

Page

B-9

B-I2

B-It

B-13

B-13

B-Z0

B-21

B-26

B-28

B-29

B-3Z

B-34

B-35

Component

-4 Balance adaptor

-4 Tower leg support

Leg Support pins

Leg Support bolts

-7 Splice plate

-9 Spacer pins

-9 Spacer bolts

-Z Support arm

-Z Pivot pins

-2 Support bolts

-6 Sting adapter (C-C)

-6 Sting adaptor (D-D)

Ames sting

Type of Stress

Bending
Shear

Shear

Tension

Bending

Shear

Tension

Bending
Shear

Tension

Bending

Bending

Bending

Margin of Safety

High
Z.59
Z. 50

High
I. ZO

1.75

4. 84

Z. 07

3. 76

1.16

3.41

1.45

0.46

B-2
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LOADS, APOLLO- WIND TUNNEL MODEL

MODEL /_7,_OlZO F-3"-2 REOUIRED SAFETY FACTORS.'--
SCALE ./od S ON ULTIMATE
TUNNEL (/,o(,o,7"- ,,,?Av?_-8 J ON YIELD
TEMP. NOTES.'-
MACH NO. • 7" ?"o $.,._ (/}-LOADS GIVEN IN POUNDS. DIMS.

_,, = 54o PJ'/- IN INCHES, (MODEL SCALE }.
oc= o" (2)-
STEADYSTATE LOADS--r'_?!

TRANSIENT LOADS _["-]

TOTAL CONFIGURATION LOADS:

_Y=O

STAO 
X,p =. 73 --_

LOADS ON COMPONEN1 3"

STA.O

¢36

OC! r=/I

STA.O.O0

_=_I. q , ,--_--

Xep =
/_.2_' _

,4/'--O ,4,'--O

--__- Xcm =/o, ¢26

C-_J

STA. O.O0 .I-CI/
/

Eg

--q

,'PREP,_R E I _

B-3
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I_Y
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LOADS, APOLLO-- WIND TUNNEL MODEL

MODEL fjS,_oc _ o _-_ -_
SCALE ./o_-
TUNNEL _,,,_ _J l" - .'_ ._ .,"s
TEMP.
MAC#'/NO. 7 7-o 3.._-

b = _"4 0 P,5 __*-

STEADY STATE LOADS--I_

TRANSIENT LOADS _E]

REOUIRED SAFETY FACTORS.'--
ON ULTIMATE

,3 ON YIELD

(/)-LOADS GIVEN IN POUNDS, DIMS.
IN INCHES, (MODEL SCALE ).

(2)-

T_QTAL CONFIGURATION LOADS:

T,. )_

LOADS ON COMPONENTS:

.z._2. I .,_v'_-5_o

STA.O.O0

i_ C= 120

C--730

STA. 0.00 .[_/
/

L__... _ JCcF = I0. 4Z_

_,, 1 pREPARED. BY APPROVED BY DATE I
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LOADS, APOLLO- WIND TUNNEL MODEL

MODEL ,_o_(o A',5"-,_ REOUIRED SAFETY FACTORS.'--
SCALE ./o,5- ,5- ON ULTIMATE
TUNNEL _,,_7- - ,_,,_a's ,5 ON YIELD
TEMP. NOTES.'-
MACH NO. , ;7"T_ 3.._0- (/)-LOADS 61YEN IN POUNDS. DIMS.

_cx:= /. Z/5 f 2.o8 p_/" IN INCHES, (MODEL SCALE ).= _" (2)-
STEADY STATE LOADS--l--1

TRANSIENT LOADS--['_'1

TOTAL CONFIGURATION LOADS:

STA. 0

///--,2 7/

' _J==== _-_-_--t 0--- 4z7

._-,,
LOADS ON COMPONEN'IS:

o¢ ,-=,/I

i

STA.O.O0

I
5=/4? i /v "=/_2

C=40

--._cp = "_

STA.O.O0,1_ /
/

STA.O.O0

PREPARED BY APPROVED By

..

_- _; SHEET _"
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DATE
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_',4/C"_ O._,eE 3 - d'O,cJTT

LOADS, APOLLO -- WIND TUNNEL MODEL
i

MODEL ,"_,'_ c o ,_J-2
SCALE , ,,o,5-
TUNNEL (_/,oo.JT" - _cs
TEMP.
MAC/'/NO. • 7" 7o 3..5"

OC = hQ °
STEADY STATE LOADS--[Z3
TRANSIENT LOADS _[-_

REOUIRED SAFETY FACTORS.'--
.-_- ON ULTIMATE
,3 ON YIELD

OTES, ° _

(/)-LOADS GIVEN IN POUNDS. DIMS.
IN INCHES, (MODEL SCALE ].

(2)-

TOTAL CONFIGURATION LOADS:
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/Z.JTd - (52-/,F'_
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LOADS, APOLLO- WIND TUNNEL MODEL

MODEL A;7_od_o F_-2
SCALE . Ion-
TUNNEL <_PWr-_NTC_
TEMP.
MACk/NO. • 7 7-o _._-

STEADY STATE LOADS --[--]
TRANSIENT LOADS _!-_

R£OUIRED SAFETY FACTORS.'--
-_- ON ULTIMATE
,3 ON YIELD

OTES, e _

(i)-LOADS GIVEN IN POUNDS. DIMS.
IN INCHES, (MODEL SCALE J.

(2)-

TOTAL CONFIGURATION LOADS:

,,,iv'=._'<_ Y

STA. q

C=//<6

LOADS ON COMPQNENI'S:

STA. O. OO

I

A=333 I

8TA.O.O0 [_'I1_

Ii = (" =/43

C%,.9/

STA.O.O0 ,_]/
/

A/=JO I

=/O. #26 ,--r
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ABSTRACT

This Appendix presents a structural analysis of the

components of the FS-2 Apollo Force Model that have

been modified or added to update the model to the

latest configuration. Testing will be conducted in the

Ames Unitary Plan Wind Tunnel.

The analysis of new or modified components is

presented in full. Components that are not modified

are analyzed by a comparative analysis for a

90-degree a at 540 q.
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REMARKS

This Appendix presents a structural analysis of the

strakes and the strake mounting structure for an auto-

mated strake test. Testing will be conducted in the

NAA Trisonic Wind Tunnel.

Loads are derived for tunnel starting at Mach 3.5.

All components meet a safety factor of three on

material ultimate with the exception of the drive gear

train. (See pages D-18 through D-25.)

The margin of safety for each component is based

on a safety factor of three on material ultimate and

loads as shown on page D-6. All margins are shown

in Table I, page D-5.
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Table i. Margins of Safety

Page Component Type of Stress Margin of Safety

D-10

D-f1

D-12

D-15

D-17

D-19

D-20

D-22

D-23

D-24

D-25

D-25

D-26

D-27

Strake Tab

Tab Screws

Aft Screws

-3 Ring

Ring Bearing

-4 Ring Gear

-II Drive Gear

Mitre Gears

H 3248/3222

H 3232/3240

-i0 Shaft

-I0 Shaft

Bushings

-9 Housing Screws

B ending

Tension

Tension-Shear

B ending
Radial

Teeth Bending

Teeth Bending

Teeth Bending

Teeth Bending

Teeth Bending
Shear

Bending

Bearing
Tension

I. 50

I. 6O

-0.20

High

2.12

0.40

0. 20

-0.46

-0.54

-0.28

0.84

0. 6O

0. 79

High

D-5
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LOADS, APOLLO - WIND TUNNEL MODEL

MAXIMUM LOAD ON STRAKES FOR TRISONIC

STRAKE EVALUATION TESTS

Model- FS-2,

Scale - 0. 105

Reference area _ 6.3 in. 2

Supersonic Speed Range:

Strake, L28

per strake

i. Maximum loads occur during starting - axial

2.

28 PSI

= 28 psi

normal = 24 psi

(Z = 50 o _._ STRAKE

_o _.v _VIND

Maximum steady-state loading -

M=2.3

q = 2600 psf Load = 113.8 pounds per strake

a = 90 °

Assume C D = I. 0

Subsonic Speed Range:

No high starting loads - maximum steady-state given

M=0.9

q = 1600 psf

=90 °

Assume C D = 1.0

Load = 70.0 pounds per strake

Note: Loads act through centroid of strake

Reference (PQ-63-77, Enclosure (I))

D-6
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REMARKS

This Appendix presents a structural analysis of a Canard Plate and

fittings that have been added to the tower structure of the 0. 105-scale

Apollo model, Testing of the model will take place in the Ames Unitary Plan

Wind Tunnel. The test will be run without the Escape Rocket attached to the

tower, Additional tower loads due to the plate were neglected as being much
smaller than loads due to the rocket.

Margins of Safety based on a Factor of Safety of 5 on the material

ultimate strength and 3 on the material yield strength are all positive.

Below is a listing of the Margins of Safety.

Page

8

8

9

Component

Plate

#3-56 AHCS Screw

#3-56 AHCS Screw

Type of Stress

Bending

Shear

Tension

Margin of Safety

+0.081

+0.083

High

E-4

SID 62- 104



,,,,,,,,.o .,. R .VV,B . NORTH AMERICAN AVIATION, INC.

0.105 5CA LE A POLLO

,...,...o. S" o,. ':f

c,+lcxt° my, .m.o_ ,,o. 5 I D - _; 2-JO+

0,.,,. 8-3o-G'_ TOWER CANARD PLATE ,oo,,..o. F£-2

TOWER PLATE
(MAT'L ; 3 21 O.O_ £H'T:, sTL.)

PLATE

-_ 3- _-G

PO51T IOkl CLAMP

/

A

TOWER ASSEM.

4>-

.q/ /_ _....

_,73

f
/.,Ps

_'- 3.6
I

BRACIN G

PLATE PLAN V1EW

E-5 _;ID 62-104



,,,,,,,,,.° ,.,. R,W.B.

CHICKID °YI

._., 8- 90-GS

NORTH AMERICAN AVIATION, INC.

0,105 SCALE APOLLO

TOWER CANARD PLATE

PAll NO,

,,p_T.e. <j ID _Z'lOf

F_ -Z
MO°II. NO,

TOWE R PLAT E
(C_.o_+. )

ARE,', ® INCLUDES A_,_

/ I.gE

Q

PARTITION

q)

®

®

®

©

AREA

(,q/ + £02)
"2

- o,_'z_l 2,

rr (.ql) _ _

(/,7 J)(', _;e) =

O, G 5"006 I'_ z

o.qql8 i_ _

(_). i _ o _/ j., ?-(, _e)(, SZ) =

?

2

= 6, u8 I' III IL

A

6. z./.5" i_ _

.E-6 SID 62-104



PI_PANEDEY: R'W* _" PA6ENO. "7 OF

CHICKIO IY8

,,,,. 8-3o-s3 TOWER CANARD PLATE

NORTH AMERICAN AVIATION. INC.

0.105 SCALE APOLLO
,,..,o_.o. _iD /,,,2"10 4"

.o.,..o FS-Z

TOWER PLATE (Co,+.)

L.OA D 5

1/o = /0q0 /h/_+= = 7. 5 psi"

PLATE BE NDING

I
p, P_

i , i

!_'7 + ,7-"

c,_= 7,_ /$/;,,

Po = co..C, =. (7. _1('_) -- 30 H,

-I,_

,'.-/_,

E-7 : SID 6Z-I04



.,.,,..,,,..,. R.W. 6 NORTH AMERICAN AVIATION, INC.

0,105 SCALE APOLLO
_ _,,,.ums IY;

,... 8-'30-_3 TOWER' CANARD PLATE

.,,_.,q,. £ ID 6Z-/0*;

........ FS-?_

ToW E R PL ATE

pLATE BENDING [Co,,-+.)

]
0,O8

3'
= (I)(,o_)

IZ.

•-- t./. 2. 7 _,,o -G

-I i. I

C = 0,0¥ ,'.

M,,.. c (/_./_._)(,o_)
i

_,7 X,o -4;

':/, z 4 8, Fsl

Fj,y = 30, oo0 pso

30,00 0
M. 5. - _ ( q,,e 4 e )

-I
+= 0.08

5NEAR

BRACIN6

_CREW

CLAMP

_/_ 3'-5G T_D.

£HEA_ FOR CE, H j AT

E_.Z 4

(,RE F,

PLAT E

= 0_')(; q _,o9(_3,7_,_ -_)
: 0,0_02 ,'_

= /5"_' I_14 = (_(,o_o=# (.o_)(;_,_,_ _)

3(_.)'

M.S, = _(_,_)

-/ - 7q /l,"_s = _.

Fs = _'z8 //,
-1 = o.o8

E-8 8ID 6Z-I04



,.,,,,.,,,.. ,Y. R.W.B. NORTH AMERICAN AVIATION, INC.

0,105 SCA LE A POLLO

,,,,,o. 9 o,q

c.,c,,° .,,, ..,,or,.o. S _D C2-1o

,...., _,-3o-_,% -TOWER CAN ARD PLATE .oo...o. FS-z

TO V',,/ E R PL AT E
(C o.-÷.)

%CR E W T E 1"4SION (RE VER SE

BRACING

|
7"

CLAMP

_ 3-5G q-ND.
\

20,26 I_,

"T- = .6X
"20,25-

2 -- I0, I Z g /6

LOA DIt4G)

I=_ = 6_32 /6
Z

M, _ = _.,/o,/2s)
I = H t C_/-/

Ip
I

7, S- /_/i.

p= _ = ('7, 5")(3) =

_
i_ =- -2 - I I, 2 _ I/_

11.125 II,

t - -r_
= (il,_ _s)(, 2)

._?

F._ - 9 3z /6

_'3z
M. G, = 5 (_,z_) I - HIGH

E-9 SLD 62-104



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

APPENDIX F

COMMAND MODULEANTENNAS,

VENTS AND UMBILICAL FAIRINGS

F-I

SID 62- 104



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

REMARKS

This Appendix presents a structural analysis of the

most critical component of additions to Drawing
7121-01048. The items added are antennas, vents, and

umbilical fairings.

Loads for Ames 9 x 7 foot tunnel conditions are

used to analyze the -ga antenna. No other item is

more critical.

The margin of safety, with a safety factor of five
on material ultimate, is 7. 34.
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